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Zn1xNixTe thin ﬁlms with different composition (x¼0.0, 0.05, 0.10, 0.15 and 0.20) were deposited on glass substrate by electron beam
evaporation technique followed by its characterization using advanced structural and optical analysis techniques. Structural properties of the
prepared thin ﬁlms were studied by X-ray diffraction (XRD). The XRD patterns revealed that the binary compounds transformed into a ternary
compound with cubic structure having preferred orientation along the c-direction with (111) planes. Composition analysis of the ﬁlms was
determined by energy dispersive analysis of X-rays (EDAX) and found to be in agreement with the precursor composition. Optical properties
such as extinction coefﬁcient (k) and band gap energy of these ﬁlms were examined by using a spectroscopic ellipsometer. It was found that the
extinction coefﬁcient (k) increased with the addition of Ni content in the alloy. In comparison, the band gap energy was also determined by using
transmission spectra and found to be agreed with that of the ellipsometric results. These analyses conﬁrm that the band gap energy decreases with
the increase of Ni content in the alloy.
& 2015 Chinese Materials Research Society. Production and hosting by Elsevier B.V. All rights reserved.
Keywords: E-beam evaporation; Solar cells, Zn1xNixTe; Ellipsometry; Extinction coefﬁcient; Band gap energy1. Introduction
The group II–VI compound semiconductors have attracted
considerable attention in both fundamental research and
technological applications because of their fascinating semi-
conducting and optical properties [1]. The application of these
materials comprises of nonlinear optical detectors, photovoltaic
solar cells and laser screen materials [2–6]. Among the II–VI
wide-gap semiconductor compounds, ZnTe is one of the most
prominent materials as a potential candidate for manufacturing
of heterostructures with quantum-dimensional properties.
Since this compound is transparent to photons of energy
below 2.26 eV, it is the nominee for a back contact of ZnTe-
based solar cells. Also, it is a capable compound for applica-
tion to light emitting diodes (LED) as a semiconductor that has/10.1016/j.pnsc.2015.01.008
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nder responsibility of Chinese Materials Research Society.wide and direct band-gap energy [7–12]. Beside of the study
on II–VI semiconductor, studies on transition metal doped
II–VI compound semiconductors are getting attraction because
the transition metals have high solubility in these compound
semiconductors than in III–V based compound semiconduc-
tors. Different research groups have worked on Ca, Ti, Cu, V
and Ag doped ZnTe thin ﬁlms deposited by different techni-
ques and studied their structural, optical, magnetic and
electrical properties [13–17]. However, most of the research
work has been carried out on exploration of magnetic behavior
of transition metal doped ZnTe semiconductors and based
upon half metallic character and delocalization of magnetic
moments in the anions and cations of ZnTe semiconductors
[18,19]. In the present investigation we have reported synthesis
of ZnxNi1xTe thin ﬁlms on glass substrate with varying Ni
concentration by e-beam evaporation technique and its struc-
tural and optical characterizations were analyzed in details.
The dependence of optical and structural properties on
composition was studied with the hope that such knowledgeElsevier B.V. All rights reserved.
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and other optoelectronic devices. The tunability of the physical
properties of ZnxNi1xTe ﬁlms such as the band gap, optical
constants, crystal structure and lattice parameters was observed
as a function of the Ni content prepared by e-beam evaporation
process.2. Experimental work
Zn1xNixTe thin ﬁlms with different Ni compositions (x=0,
0.05, 0.1, 0.15 and 0.2) were deposited on the glass substrates
by electron beam evaporation technique. For the evaporation
of Zn1xNixTe solid solutions, ZnTe and Ni of high purity
were mixed by the method of mechanical mixing with a pestle
and mortar for 2 h to obtain uniformly mixed powders. Pellets
of all the compositions were made by using 10 nm dyes in
mechanical press with load of 5 t.
Prior to the growth the substrates were cleaned ultrasonically
in a bath of acetone for about 30 min followed by iso-propanol
for about 15 min and ﬁnally dried using an air gun. The vacuumFig. 1. XRD spectra of Zn1xNixTe (x¼0, 0.05, 0.1, 0.15 and 0.2) thin ﬁlms.
Fig. 2. Variation of (a) grain size and (b) micro-strain with Ni concentwas 106 Torr during the deposition of the ﬁlms where as the
e-gun voltage was 5.5 kV and the deposition rate was 0.1 nm/s.
The emission current was varied between 70 and 80 mA during
the growth. All the ﬁlms of the Zn1xNixTe system were
deposited under the same experimental conditions.
X-ray diffraction (XRD) analysis of the prepared thin ﬁlms
was carried out with a Bruker D-8 discover X-ray diffract-
ometer equipped with a Cu Kα-radiation (λ=1.54186 Å). X-ray
source was operated at 40 kV and 40 mA. The parallel incident
X-ray beam was employed with a 0.121 roller slit at the
secondary side. The measurements were performed by θ/2θ
scans in the 2θ angular range of 20–801, with a step size of
0.021 and a scan rate of 21/ min. Composition analysis of the
ﬁlms were carried out by energy dispersive analysis of X-rays
(EDAX).
Raman measurements on the samples were performed at
room temperature using DPSSL laser source (λ532 nm/
150 mW) as an excitation source. The spectrum was takenration in Zn1xNixTe (x¼0.0, 0.05, 0.1, 0.15 and 0.20) thin ﬁlms.
Fig. 3. Raman spectra obtained for Zn1xNixTe thin ﬁlms with (a) x¼0.0,
(b) x¼0.05, (c) x¼0.10, (d) x¼0.15 and (d) x¼0.20.
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monochromator and ANDOR DV 401A-BV CCD software.
Spectroscopic ellipsometry model M2006 VI, J. A. Wool-
lam Co. Inc. consisting of QTH lamp as the light source, and a
dual grating scanning monochromator (370–1670 nm) wasFig. 4. EDX spectrum for Zn1xNixTe thin ﬁlms with the compositions
Table 1
Composition of the ﬁlms.
Alloy Precursor composition EDAX composition
Zn1xNixTe ZnTe Ni Zn Te Ni
x¼0.00 100 0 45.26 54.70 0.00
x¼0.05 95 5 43.61 51.53 4.83
x¼0.10 90 10 40.66 50.26 9.06
x¼0.15 85 15 35.33 51.71 12.97
x¼0.20 80 20 31.23 50.02 18.73employed at room temperature in air to measure the optical
constant (extension coefﬁcient). All the spectra were taken at
an incidence angle of 701.
For transmission measurements UV–vis–NIR (Hitachi
U- 4001) double beam spectrophotometer in the spectral range
400–2500 nm was employed to assess the ﬁlm quality for
transmission capability and optical devices applications.
3. Results and discussion
3.1. XRD studies
XRD studies of the prepared samples were carried out and
the results were analyzed to obtain various crystallographic
aspects. Fig. 1 shows the XRD patterns of Zn1xNixTe ﬁlms
with x¼0, 0.05, 0.1, 0.15 and 0.2. The presence of sharp and
well-deﬁned peaks in these patterns conﬁrmed the polycrystal-
line nature of the ﬁlms. The strong peak corresponding to(a) x¼0.0, (b) x¼0.05, (c) x¼0.10, (d) x¼0.15 and (e) x¼0.20.
A. Mahmood et al. / Progress in Natural Science: Materials International 25 (2015) 22–28 25(111) reﬂection conﬁrmed the presence of cubic structure for
all ﬁlms. Furthermore, the diffraction angles 2θ were found to
shift towards the lower angle side with the addition of Ni
content in Zn1xNixTe, which is an evidence for the complete
transformation of binary compounds into ternary compounds
and single-phase formation of the thin ﬁlm. The shift in
the diffraction angles is due to the fact that the latticeFig. 5. Ellipsometry curve ﬁtting for Zn1xNixTe thin ﬁlms with the composconstant increases with increasing Ni concentration in
the ﬁlms.
The inter-planar distance (d) for different compositions of
Zn1xNixTe was calculated from Bragg's relation of
d¼ λ
2 sin θ
ð1Þitions (a) x¼0.0, (b) x¼0.05, (c) x¼0.10, (d) x¼0.15 and (e) x¼0.20.
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using the following equation:
a¼ dhklðh2þk2þ l2Þ1=2 ð2Þ
where h, k and l are the miller indices of the lattice plane.
The grain size (D) was calculated from the full-width at half-
maximum (FWHM) (β) by using the Scherrer formula of
D¼ kλðβ2θ cos θÞ1 ð3Þ
where λ is the wavelength of X-ray (1.5405 Å) and θ is
Bragg's angle.
The micro-strain developed in the ﬁlms was calculated by
using the relation of
ε¼ β cos θ
4
ð4Þ
The variation of grain size and micro-strain with Ni concen-
tration is shown in Fig. 2(a and b) respectively. Clearly it can
be observed from Fig. 2 that the grain size (D) increases where
as micro strain decreases with increasing Ni content. In order
to develop deeper insight, Raman spectrometry was employed.
3.2. Raman spectrometry
Fig. 3 displays Raman spectra of the samples under
investigation as a function of Ni concentration. The results
in Fig. 3 shows that the spectrum of the Zn1xNixTe ﬁlms
consists of various pronounced vibrational optical phononFig. 6. Variation of the extinction coefﬁcient (a) w
Table 2
Thickness of the ﬁlms.





5 Zn0.80Ni0.20Te 323.6modes located at 203, 262, 410, and 607 cm1 Raman modes.
All these peaks are attributed to the cubic crystal structure of
ZnTe host lattice [20,21]. The peak at 203 cm1 corresponds
to transverse optical phonon mode (TO) of ZnTe ﬁlm whereas
the peak at 262 cm1 is the combination of LO phonon with
transverse acoustic phonon at L and X points (LOþTA(X)) of
the Brillouin zone. The last two peaks are attributed to the
longitudinal optical phonon modes 2LO and 3LO of ZnTe thin
ﬁlm. The presence of sharp peaks in the Raman spectra
indicates good crystalline quality of Zn1xNixTe thin ﬁlms.
However all these peaks shift towards higher frequency side
with the addition of Ni content in the growth ﬁlms. This shift is
due to the residual tensile strain in the ﬁlm as a consequence of
lattice relaxation originates from Ni incorporation. Moreover,
it is noteworthy that no indication of formation of new phases
was found, which means Ni dissolved in ZnTe matrix making
a single phase solid solution. This is quite in agreement with
XRD results.3.3. Elemental analysis
In order to study the composition of Zn1xNixTe thin ﬁlms
prepared by electron beam evaporation technique, elemental
analysis was carried out and the results obtained from energy
dispersive analysis of X-rays (EDAX) analysis are presented in
Table 1. It can be seen from the table that the composition of
the deposited ﬁlms was nearly equal to the starting composi-
tion of the precursors taken for deposition. The EDAX spectra
of the ﬁlms are shown in Fig. 4. It is clear from the ﬁgure that
with the increase of Ni content in the ﬁlms the peak
corresponding to Ni increases whereas peak corresponding to
Zn decreases which is an evidence that Ni atoms substitute Zn
atoms in the lattice. Moreover, Zn vacancies may also be
suppressed by Ni which is important for increasing the
optoelectronic properties of Ni doped ZnTe thin ﬁlms.ith wavelength and (b) with Ni concentration.
Fig. 7. (a) Band gap energy of Zn1xNixTe ﬁlms determined from k-spectra. (b) Variation of Band gap energy with Ni concentration.
Fig. 8. Transmission spectra of Zn1xNixTe ﬁlms (x¼0.0, 0.05, 0.1, 0.15
and 0.20).
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The experimental values of psi (ψ) and delta (Δ) spectra
were recorded at an incidence angle of 701 using a J. A
Woolem spectroscopic ellipsometer in the spectral wavelength
range 370–1000 nm. To determine the optical constant and
ﬁlm thickness, a model (the Cauchy and EMA (effective
model approximation) model) was used to calculate the
theoretical psi (Ψ ) and delta (Δ) values and try to ﬁt to the
experimental data as shown in Fig. 5. It is clear from the ﬁgure
that the experimental values are best ﬁtted with the modeled or
calculated values. Using these curve ﬁttings, the ﬁlm thickness
and extinction coefﬁcient were determined.
The thickness of all Zn1xNixTe thin ﬁlms deposited by
electron beam evaporation is given in Table 2. The extinction
coefﬁcient of Zn1xNixTe ﬁlms (x¼0.0, 0.05, 0.1, 0.15 and
0.2) as function of wavelength is shown in Fig. 6(a) which
clearly indicates an inverse relationship with the wavelength.
Moreover, it also shows that the extinction coefﬁcient (k)
increased with the increase of Ni content in the Zn1xNixTe
thin ﬁlms. The variation of extinction coefﬁcient versus Ni
content at wavelength 550 nm is shown in Fig. 6(b). These
results predict that the ﬁlms become more absorbent with the
addition of Ni content in the ﬁlms, or in other words the band
gap energy of the ﬁlms may decrease as Ni content increases in
Zn1xNixTe ﬁlms.
To conﬁrm this result, the band gaps of the ﬁlms were





To estimate the band gap of these ﬁlms from ellipsometry
data, (αhν)2 was plotted against hν for the ﬁlms of diffe-
rent compositions. Extrapolation of the linear portion to the
(αhν)2¼0 axis gives the value of band gap energy. The Egvalues for our ﬁlms vary from 2.24 eV to 1.72 eV as the Ni
content varies from 0.0 to 0.20 as shown in Fig. 7(a) and (b).
The variation of Eg is almost linear with the incorporation of
Ni into the alloy, which is also conﬁrmative evidence of the
formation of homogeneous and alloyed Zn1xNixTe thin ﬁlms
by the electron beam evaporation technique.3.5. Spectrophotometric analysis
In order to conﬁrm the optical band gap variation the optical
transmission spectra were recorded in the wavelength range
300–2600 nm using a UV–vis–NIR spectrophotometer. Fig. 8
shows the optical transmission spectra of Zn1xNixTe ﬁlms
(x¼0.0, 0.05, 0.1, 0.15 and 0.20). The spectra show the
interference pattern which is conﬁrmative evidence of the
Fig. 9. (a) Band gap energy of Zn1xNixTe ﬁlms determined from transmission spectra. (b) Variation of Eg with Ni concentration.
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energy of these thin ﬁlms was also determined from transmis-
sion spectra using the Tauc relation [22]
ðαhνÞ2 ¼ AðhνEgÞ ð6Þ
where A is a constant but is different for different transitions,
Eg is the band gap energy of the material and h is Planck's
constant. The value of the absorption coefﬁcient α has been
calculated using the relation
α¼  ln T
t
nm1 ð7Þ
where T is the normalized transmittance value at a particular
wavelength and t is the thickness of the ﬁlm measured by
ellipsometry. Then (αhν)2 was plotted against hν for each
composition and extrapolation of the linear portion to the
(αhν)2¼0 axis gives the value of band gap energy. The
variation of band gap with composition is again linear, which
varies from 2.25 eV to 1.74 eV as the Ni content varies from 0
to 0.2 as shown in Fig. 9(a) and (b), which almost agrees with
the results obtained from ellipsometry data.
4. Conclusion
The structural and optical properties of Zn1xNixTe thin
ﬁlms prepared by the electron beam evaporation technique
were investigated. XRD results show that all the ﬁlms of the
Zn1xNixTe system are polycrystalline in nature and have
cubic structure over the entire composition range. The results
also predict the complete transformation of binary compounds
into ternary compound with single-phase formation of
Zn1xNixTe thin ﬁlm. The ellipsometric analysis reveals that
the extinction coefﬁcient increases with the increase of Ni
content in the alloy. The band gaps of the alloy can be tuned
from 2.24 eV to 1.72 eV as the Ni content varies from 0.05
to 0.2, which is conﬁrmed by transmission analysis. It is
observed that the incorporation of Ni into ZnTe thin ﬁlms has
strong inﬂuence on the structural and optical properties of
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